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CLAIMS: 

1. An optical communications apparatus for power balancing a wavelength division 
multiplexed (WDM) signal output from an add/drop module adding at least one (znannel to and 
dropping at least one channel from a signal input thereto, comprising: / 

a gain element optically coupled to the add/drop module and to^n add channel port 
receiving the at least one channel to be added; / 

said gain element imparting optical gain to the at least/^ne channel received from the add 
channel port; / 

a controller operatively coupled to said gain element, 

said controller receiving a dropped channel power measurement of the at least one 
dropped channel dropped from the add/drop inodule; 

said controller determining an adp path amplification value based on the dropped channel 
power measurement, a through loss associated with a signal passing through the add/drop 
module, a drop loss associated wjm a signal travelling a drop path of the add/drop module; and 
an add loss associated with a Signal travelling an add path of the add/drop module; and 

said controller controlling said gain element according to the add path amplification 
value. / 

2. The optical /ommunications apparatus for power balancing a wavelength division 
multiplexed (WDM) signal according to claim 1, 

said controller receiving a number of channels to be added by the add/drop module; 
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said controller determining the add path amplification value based on the numbenof 
channels to be added, the dropped channel power measurement, the through loss assouated with 
a signal passing through the add/drop module, the drop loss associated with a signal travelling a 
drop path of the add/drop module; and the add loss associated with a signal travelling an add 
path of the add/drop module; and / 

said controller controlling said gain element according to the/add path amplification 
value. / 

3. The optical communications apparatus for power balancing a wavelength division 
multiplexed (WDM) signal according to claim 1, / 

said controller receiving a number of channel to be dropped by the add/drop module; 

said controller determining the add path Amplification value based on the number of 
channels to be dropped, the dropped channel/power measurement, the through loss associated 
with a signal passing through the add/drop module, the drop loss associated with a signal 
travelling a drop path of the add/dron/module; and the add loss associated with a signal travelling 
an add path of the add/drop module; and 

said controller controlling said gain element according to the add path amplification 
value. / 

4. The optical communications apparatus for power balancing a wavelength division 
multiplexed (WDM),signal according to claim 1, 

said controller receiving a number of channels to be added and a number of channels to 
be dropped by^me add/drop module; 
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said controller determining the add path amplification value based on the number o/ 
channels to be added, the number of channels to be dropped, the dropped channel pow^r 
measurement, the through loss associated with a signal passing through the add/dr0p module, the 
drop loss associated with a signal travelling a drop path of the add/drop modu^ and the add loss 
5 associated with a signal travelling an add path of the add/drop module; anc 

said controller controlling said gain element according to the a^a path amplification 

value. 

5. The optical communications apparatus for power balancing a wavelength division 
multiplexed (WDM) signal according to claim 4, 

10 said controller determining the add path amplification based on the following equation: 

Paddtotai = Pdrop+ (Drop Loss + Add Loss - Through Losgj + lOLog N a dd 
where 

Paddtotai = add path amplified power level in dBrrf, 
P^p = per channel power level of dropped signal output from drop port of add/drop module in 
15 dBm, 

Through Loss = loss associated withfa signal passing through the add/drop module in dBm, 
Drop Loss = loss associated with/a signal travelling a drop path of the add/drop module in dBm, 
Add Loss = loss associated \yith a signal travelling an add path of the add/drop module in dBm, 
and 

20 Nadd = number of added/fchannels. 

6. The optical communications apparatus for power balancing a wavelength division 

multiplexed (WDM) signal according to claim 1, further comprising: 
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a coupler optically coupled to a drop output of the add/drop modtffe, 

an optical-to-electrical converter optically coupled to said^eoupler, said optical to- 
electrical coupler receiving a portion of light from the at tea£t one dropped channel; 

said controller determining the dropped chaimel power measurement from an output of 
said optical-to-electrical converter. 
7. The optical communications/apparatus for power balancing a wavelength division 
multiplexed (WDM) signal according to claim 1, 

said controller receiving an added channel power measurement of the least one added 
channel being addecMo the input signal by the add/drop module; 

said cpturoller feedback controlling said gain element based on the added channel power 
measurement and the add path amplification value. 

-fc Th e optica l~cx>mmim1Uations apparatus^ for power balancing a 




multiplexed (WDM) signal accordiiigQo£la 

said gain elemeflfliaving avgaia^profile substantially matching a gain profile of a signal 
inpirt^^he^dd/drop-Tmdule^^, 
^>P. The optical communications apparatus for power balancing a wavelengtli^di^ision 
[ multiplexed (WDM) signal according to claim 1, further comprising: 

an input amplifier optically coupled an inpja^perfof the add/drop module and receiving a 
plurality of input channels; 

said gain elgmenthaving a gain profile substantially matching a gain profile of said input 
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10. The optical communications apparatus for power balancing a wavelength division 
multiplexed (WDM) signal according to claim 1, further comprising: 

a drop amplifier optically coupled to the drop port of the add/drop module, $6id drop 
amplifier amplifying the dropped channels. 

11. The optical communications apparatus for power balancing y wavelength division 
multiplexed (WDM) signal according to claim 1, further comprising: y 

an output amplifier optically coupled to the add/drop mock 
said output amplifier amplifying the output of the add/arop module. 

12. The optical communications apparatus for power balancing a wavelength division 
multiplexed (WDM) signal according to claim 11, 

said output amplifier performing gain flatting amplification for the signal output from 
the add/drop module. 

13. The optical communications apparatus for power balancing a wavelength division 
multiplexed (WDM) signal according to>claim 1, 

wherein said gain element includes an add amplifier, 

said controller controlling /aid add amplifier according to the add path amplification 

value. 

14. The optical communications apparatus for power balancing a wavelength division 



multiplexed (WDM) signal according to claim 1, 



wherein said gain element includes an add amplifier and a variable optical attenuator, 
said controller controlling said variable optical attenuator according to the add path 
amplification value. 
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15. The optical communications apparatus for power balancing a wavelength divisj^n 
multiplexed (WDM) signal according to claim 1, 

wherein said gain element includes an add amplifier and a variable optical attenuator, 
said controller controlling said variable optical attenuator and sai^add amplifier 
according to the add path amplification value. 

16. A method of power balancing a wavelength division multiplexed (WDM) signal output 
from an add/drop module adding at least one channel to anc^aropping at least one channel from a 
signal input thereto, comprising: 

receiving a dropped channel power measurement of the least one dropped channel 
dropped from the add/drop module; 

determining an add path amplification value based on the dropped channel power 
measurement, a through loss associated With a signal passing through the add/drop module, a 
drop loss associated with a signal travelling a drop path of the add/drop module; and an add loss 
associated with a signal travelling/an add path of the add/drop module; and 

controlling an add pat^/ amplification of the add path according to the add path 
amplification value. 

17. The method according to claim 16, further comprising: 
receiving a number of channels to be added by the add/drop module; and 
determining the add path amplification value based on the number of channels to be 

added, the dropfped channel power measurement, the through loss associated with a signal 
passing through the add/drop module, the drop loss associated with a signal travelling a drop 
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path of the add/drop module; and the add loss associated with a signal travelling an add pathj 
the add/drop module. 

18. The method according to claim 16, further comprising: 

receiving a number of channels to be dropped by the add/drop module; afid 
5 determining the add path amplification value based on the number or channels to be 

dropped, the dropped channel power measurement, the through loss associated with a signal 
passing through the add/drop module, the drop loss associated with/a signal travelling a drop 
path of the add/drop module; and the add loss associated with ^/signal travelling an add path of 
the add/drop module. 
; 10 19. The method according to claim 16, further comprising: 

receiving a number of channels to be added yand a number of channels to be dropped by 
the add/drop module; and 

determining the add path amplification value based on the number of channels to be 
added, the number of channels to be dropped, the dropped channel power measurement, the 
15 through loss associated with a signal Massing through the add/drop module, the drop loss 
associated with a signal travelling/a drop path of the add/drop module; and the add loss 
associated with a signal travelLmg an add path of the add/drop module. 
20. The method according to claim 19, further comprising: 

determining the ^dd path amplification based on the following equation: 
20 Paddtotai = Pdro P + (Dro^/Loss + Add Loss - Through Loss) + lOLog N ad d 
where 

Paddtotai = add pach amplified power level in dBm, 
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Pdrop = per channel power level of dropped signal output from drop port of ADM modulgjn-dBm, 
Through Loss = loss associated with a signal passing throughJhe^dd/3fop module in dBm, 
Drop Loss = loss associated with a signaltr^ydilnga drop path of the add/drop module in dBm, 
Add Loss = loss associatejj-vrffft a signal travelling an add path of the add/drop module in dBm, 
and 




NadrT^ number of added channels. 



2f: The method according to claim 1 

substantially matching. a-gairfpfrofile < 
to the a^d/drg^m©dule 



j mprising> ^ 

add^atlfwith a gain profile of a signal input 



52. The method according to claim 16, further comprising; 
J a 0^ preamplifying a signal input to the add/drop module; 

; * said preamplification step imparting a gain pp^ile substantially similar to a gain profile 

« j of the add path. 

£p 23. The method according to claim 16, 

pi / 

¥- 15 wherein the add path includes an add amplifier; 

said controlling step controlling a gain of the add amplifier. 
24. The method according to claim 16, 

wherein the add patn includes an add amplifier and a variable optical attenuator optically 
coupled thereto; 

20 said controlL&g step controlling a gain of the add amplifier and/or an attenuation of the 

variable optical afttenuator. 
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The method according to clgim 16, 

amplifying the output or the add/drop module with gain-flattening amplification. 
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